Location, temperature, and depth data were collected using GPS-phone tags (Sea Mammal Research Unit (SMRU), St. Andrews, Scotland). These tags contained a GPS receiver, pressure sensor (resolution: 0.5 m at surface, 5 m at 2000 m), wet/dry saltwater switch, real-time clock, and a temperature sensor (resolution: 0.1 °C). Data was stored in memory and periodically uploaded through the cellular phone network. Tags were attached to seals using 5-min epoxy and placed mid-dorsum. We previously had deployed these tags on California sea lions and Steller sea lions in the Columbia River during 2011 and 2012 (e.g., see Brown et al. 2011) . In addition to GPS-phone tags, a subset of five seals were given a second instrument package consisting of a VHF radio tag (Advanced Telemetry Systems, Minnesota, USA) and a conductivity-temperature-depth (CTD) tag (Star-Oddi, Iceland). These two tags were potted in syntactic foam which allows the tags to float to aid in their recovery. Use of CTDs will allow for direct estimation of salinity and will be linked to the GPS sensor data based on the timestamps of the two tags. 
WORK COMPLETED
We successfully deployed GPS-phone tags on 15 harbor seals captured at Desdemona Sands near the Columbia River Mouth on May 29-30, 2013; a subset of 5 of these harbor seals also received archival CTD instrument packages (see Figure 1) . As of September 30, 2013, all the GPS-phone data had been received, and one of the five CTD tags had been recovered (an additional CTD tag was reported found by the public but has not yet been returned). 
RESULTS

GPS-phone tags
GPS-phone tag longevity varied among seals, ranging from approximately 20 to 74 days (Table 1) . Tag longevity was presumably a function of the molt, with females molting earlier than males, although it is possible that some tags malfunctioned or ran out of battery before becoming detached.
As expected, seals remained in and around the lower Columbia River estuary most of the time, though some seals made trips to and from Willapa Bay and Grays Harbor in Washington ( Figure 2 ). GPS fixes ranged from 6.6 to 77.7 per day (Table 1) . This was less than expected and may have been due to tags not breaking the surface of the water as often as expected and/or problems with the tag's wet/dry sensor falsely indicating the tag was still submersed in water. While there were location gaps in foraging track lines, the relatively shallow maximum depths per seal (Table 1) show that most seals did not travel far from estuarine or nearshore habitats. Temperature upcasts ranged from 10.1 to 301.5 profiles per day (Table 1) and were transmitted for approximately 58% of all 170,220 dives.
An example of this data is shown in Figure 3 which summarizes movements and dive data for a single seal over a 24 hour period. The time period in this example is from 1:00 a.m. on June 8 to 1 a.m. on June 9 (the 1 hour offset from the calendar day is due to the tag being set to Greenwich Mean Time and the activity data being binned in 2-hour time blocks). From top to bottom, the four main panels depict location, activity budget, tide cycle, and dive-temperature profiles. 
Archival CTD tags
As of September 30, 2013 one of the five archival CTD tags had been recovered and an additional CTD tag was reported found by the public but has not yet been returned. Data summary and analysis is pending. 
IMPACT/APPLICATIONS
Use of marine animals as platforms for oceanographic sampling has been called a "win/win" for marine biologists and oceanographers (Fedak 2004) . Marine animals can collect oceanographic data at fine spatio-temporal scales, from areas that are logistically difficult to sample, and at a relatively low cost. This information can be used to both better understand the habitat needs of the animal and at the same time provide data for building predictive models of the nearshore, estuarine, and riverine environment. This project demonstrated the proof of concept for using harbor seals to target the study of relatively small and specific areas such as a constricted river mouth.
RELATED PROJECTS
There are two projects closely related to this one under the current RIVET DRI. One project (Roby, Oregon State University) uses seabirds as animal sampling platforms and the other project (Lerczak, Oregon State University) involves the actual analysis of the oceanographic data collected by the seabird and pinniped sampler projects.
